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Abstract 
Business process management (BPM) is becoming the dominant management paradigm. Business 
process modelling is central to BPM, and the resultant business process model the core artefact 
guiding subsequent process change. Thus, model quality is at the centre, mediating between the 
modelling effort and related growing investment in ultimate process improvements. Nonetheless, 
though research interest in the properties that differentiate high quality process models is 
longstanding, there have been no past reports of a valid, operationalised, holistic measure of business 
process model quality. In attention to this gap, this paper reports validation of a Business Process 
Model Quality measurement model, conceptualised as a single-order, formative index. Such a 
measurement model has value as the dependent variable in rigorously researching the drivers of 
model quality; as antecedent of ultimate process improvements; and potentially as an economical 
comparator and diagnostic for practice. 
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1. INTRODUCTION AND BACKGROUND 
BPM is valued globally as an organisational approach for enhancing productivity and driving cost 
efficiencies. Business process ‘modelling’ is fundamental to BPM, and the business process ‘model’ is 
the central artefact in process improvement and Information Systems development efforts (Reijers & 
Mendling, 2011). Process Modelling is used across all the typical lifecycle phases of a BPM initiative; 
diagnosis & design, implementation and enactment (adapted from Dumas, van der Aalst, & ter 
Hofstede, 2005). Yet, modelling is expensive and consequential, and model quality not always assured. 
With the many related costs involved with process modelling (i.e. modelling tool acquisition and 
maintenance, recruitment and training of skilled modellers, opportunity costs of user and other 
stakeholder involvement) there is increasing interest in the value proposition from business process 
modelling, and in means of effectively evaluating the artefacts produced - the process models 
(Indulska, Recker, Green, & Rosemann, 2009). Interest in the qualities of strong process models is 
longstanding. Curtis, Kellner and Over (1992) first called for related research over two decades ago, 
with Greasley (2000) and Kim and Kim (1997) too having espoused this need.  
Many past studies, rather than evaluating the model have focused on the antecedents, or what is 
believed to be good modelling practice. Prior research has examined the ontological expressiveness of 
process models (Recker, Rosemann, Green, & Indulska, 2011), how certain structural attributes (such 
as density and complexity) of the models affect their perceived quality (Mendling, Reijers, & Recker, 
2010). There too has been a growing body of work that specifically looks at model understandability 
(e.g. Recker & Dreiling, 2011; Reijers, Mendling, & Recker, 2009). Mendling et al. (2010) for 
example, report on guidelines for understandable process models. Mendling and Strembeck (2008) 
show that the model structure and the users’ knowledge on the process control flow, influences users’ 
comprehension of process models (in particular the syntax of the models).  Mendling et al. (2010) 
describe how the type and quality of the textual labels in the model affect the model users’ 
understanding. Yet, this work is focused only on one aspect of Model Quality (understandability) and 
is limited to an individual level of analysis- on how the individual user perceives the model, rather 
than measuring the quality of models in a more holistic manner (i.e. How does the quality of the model 
relate to the original purpose of modelling). Process modelling is never an end, but a means to an end- 
hence the results of modelling efforts (i.e. the process models and their impacts) should be evaluated at 
a more holistic, initiative/ project level, to make critical decisions such as; if to continue with the 
models in the future phases of the project, and if to conduct modelling (again) in similar projects to 
come. 
The key research question for this study is “How can the Quality of Business Process Models be 
measured holistically and economically?” This essentially leads to the quest to find a valid, reliable 
and feasible operationalisation of business process Model Quality, which is the central focus of this 
paper. The study unit of analysis is the collection of all process models created within a specific 
process modelling projects, and the intended time of measurement is post completion of modelling 
activities. Model Quality is defined here as the extent to which desirable properties of a model are 
present. The Model Quality construct presented here, was developed as part of a larger study which 
investigated into process modelling success. The broader notion of process modelling success has been 
operationalised as a second order formative construct, which consists of Model Quality, Potential 
Process Impacts and Project efficiency. This paper specifically focuses on the Model Quality 
construct. We acknowledge that its operationalisation (as presented here), is influenced by it 
positioning within the broader process modelling success study. 
 
The remainder of the paper will first present the overall (three-phased) study design, which included a 
literature based a priori model, case study and survey phase. The primary focus of the paper is on the 
survey phase which is explained in detail in the next section, where we describe operationalisation of 
the Model Quality construct and the survey design and execution. The subsequent section presents 
analysis of the Model Quality construct validity employing Structural Equation Modelling (SEM) 
using PLS. The paper concludes with a summary of implications, limitations and potential future 
research. 
2. OVERALL STUDY APPROACH 
This study used both qualitative and quantitative data for inductively deriving a measurement model of 
business process Model Quality. The study entailed three main phases; literature review, multiple case 
studies and a survey, throughout which the measurement model progressively evolved. 
A preliminary literature review was conducted to establish the status of prior research on Model 
Quality measurement. This yielded a single framework deemed potentially relevant for 
operationalising a holistic measure of model quality; namely, the Guidelines of Modelling (GoM) 
framework (Jörg Becker, Rosemann, & Uthmann, 2000). However, it was not empirically tested 
earlier. Given the dearth of literature on the measurement of model quality, we explored potentially 
analogous proxy domains that might imply other useful frameworks and construct operationalizations, 
with possible relevance to process model quality. This includes conceptual modelling domains (such 
as data and object-oriented modelling), software engineering and literature on Information Systems 
evaluations and other similar related domains.  
In light of the dearth of prior related research, an exploratory multiple case study specifically in the 
context of process modelling projects was conducted. The case study had an inductive, qualitative 
emphasis, though informed by the preceding literature review. Nine cases (where the unit of analysis 
was process models from recently completed modelling projects) across 3 case organisations (a utility 
provider, a transport provider and a government agency) were conducted. Case study evidence was 
gathered across all main stakeholder groups; project sponsors, process owners, model users and 
process modellers. The primary purpose of the multiple case study was to derive a conceptual 
measurement model for process model quality. The stakeholders were asked if model quality was 
relevant and important and if so why. They were also asked to describe how they would measure and 
evaluate the quality of the models. We further asked them what they thought would influence the 
quality of process models. The case study phase suggested that process modellers are the best 
informed single respondent group to provide detailed insights regarding aspects of model quality.  
The primary goal of this study was to derive a reliable, valid and parsimonious measurement model 
for process Model Quality. The remainder of this paper focuses on the quantitative survey phase. 
3. THE SURVEY PHASE 
3.1 Operationalising Process Model Quality  
Operationalisation of Model Quality commenced with a search for appropriate sub-constructs, drawing 
on the prior literature and case study data. The Guidelines of Modelling (GoM) framework (Jörg 
Becker, et al., 2000) was identified for this purpose, as been the only framework (at the time of survey 
design) that was specific to the process modelling context and was conceptually quite complete for the 
purpose of this study. It had considered most of the previously published conceptual model quality 
frameworks in deriving its constructs. However, the weakness was that there were no reports of it 
being empirically tested or operationalised, hence there were no items that can be borrowed or 
adopted. So we turned to the literature (that could serve as a proxy) and case evidence, to aid with the 
operationalisation. Given the dearth of directly relevant research evident from review of past process 
modelling articles, literature in several referent and analogous domains was reviewed as well.  
The purpose was to derive a parsimonious, ostensibly complete set of process Model Quality sub-
constructs. This study applied a bottom-up inductive approach to derive sub-constructs for Model 
Quality from the literature and case data. A summary of this effort is depicted in Table 1, which 
provides a consolidated list of the sub-constructs derived from the multiple case study phase (across 
all 9 cases within the 3 case sites- see Column 2 of Table 1). These were compared with what was 
identified in the Literature (Column 1 of Table 1), and the final set of sub-constructs selected (Column 
3 of Table 2). These were further tested for face validity in the pilot testing rounds (as discussed 
below), which justified their relevance as Model Quality sub-constructs. Note that those sub-constructs 
that were identified but were not included within the final list of candidate sub-constructs are 
highlighted in grey (see Bandara, 2007 for a detailed rationalisation of this selection).  
Table 1: Summary of the sub-construct identification process 
 
Individual items were sought for each sub-construct of Model Quality based on case evidence and 
supporting literature. Literature logs were maintained in an attempt to identify potential past studies 
that had made any attempt to operationalise any of the selected sub-constructs. Results from 
deliberation over the log books at a series of joint meetings of the main researcher team, were 
presented to two separate groups; one of experts in process modelling, and another of experts in 
survey instrument design. These experts’ feedback was then considered. Table 2 summarizes this 
effort, depicting the final sub-constructs (with their definitions), and the actual measurement items 
(including the origin and rationale of each question- as deemed relevant). We employed 7-point Likert 
scale items with the end values (1) strongly disagree and (7) strongly agree for each of the sub 
constructs. 
Table 2: Model Quality items, codes used and their origins 
Col 2 Col 3 Col 4 Col 5 
ID  Actual Question Related sub-constructs 
Definitions Origin 
MQ1 
The model users found 
the process models easy 
to use 
Ease of Use The degree to which the process models were easy to use 
Adapted from; Davis 
(1989), 
Doll and Torkzadeh 
(1998) & 
Palvia (1996) 
MQ2 
The process models met 
the model user 
requirements 
Realization of 
user 
requirements 
The degree to which the process 
models addressed the model 
users’ requirements 
Case data and expert 
feedback /input 
MQ3 
The process models 
accurately depicted the 
modeled processes 
Information 
accuracy 
The degree to which the process 
models accurately depicted the 
‘real world’ 
Adapted from Doll and 
Torkzadeh (1998) 
MQ4 The process models were easily modifiable Flexibility 
The degree of flexibility of the 
process models (i.e. for 
extensions and multiple use of the 
models) 
Adapted from Doll and 
Torkzadeh (1998) 
Col 1 Col 2 Col 3 
Sub constructs from Literature Sub constructs from multiple case study 
SUB-CONSTRUCTS  
FINALLY ADOPTED 
Ease of Use 
Realization of user requirements 
Information accuracy 
Flexibility 
Integration 
Information importance 
Information relevance 
 Understandability 
Appearance 
Conciseness 
Correctness 
Relevant to need 
Completeness 
Clearly represents the process 
Easy to read 
Easy to understand 
Standardization 
Fit for purpose 
Ease of Use 
Realization of user requirements 
Information accuracy 
Flexibility 
Information relevance 
Understandability 
Conciseness 
MQ5 Information available 
from the process models 
was important 
Information 
Relevance (a) 
The degree of importance of the 
information captured by the 
process models 
Adapted from Miller 
and Doyle (1987) 
MQ6 The process models 
provided relevant and 
complete information 
Information 
Relevance (b) 
The degree of relevance of the 
information captured by the 
process models 
Adapted from Miller 
and Doyle (1987) 
MQ7 The process models 
were easy to understand 
Understandabi
lity 
The degree of understandability 
of the process models 
Adapted from Miller 
and Doyle (1987) 
MQ8 The process models 
were concise Conciseness 
The degree of conciseness of the 
process models 
Doll and Torkzadeh 
(1998) 
 
3.2 Survey implementation 
This section focuses on the survey conduct, summarizing; the target respondent group, pilot testing of 
the instrument, sampling frame and survey dissemination.  
Prior success research has shown the importance of properly identifying the correct ‘stakeholder(s)’ 
and seeking the appropriate perspective(s) (e.g. Seddon, Staples, Patnayakuni, & Bowtell, 1999). The 
study aimed for a broad, international and representative sample of process modelling projects. It was 
infeasible to target more than one respondent group with the intended survey; thus modellers were 
selected here as they were the easiest to distinguish, and case study experience indicated they are more 
attuned to the notion of process model quality. Modellers are defined here as those who were either an 
external consultant or an internal member of the organisation, whose primary role in the process 
modelling project (not necessarily their primary role in the organisation) was to design the process 
models.  
The final survey instrument (which included the Model Quality measures and other constructs from 
the main study, together with demographic data) was extensively pilot-tested in three stages. First, the 
research team requested that six eligible survey respondents complete the survey while ‘thinking out 
loud’ [an approach adapted from Ericsson and Simon (1993)]. Minor modifications were made to the 
instrument based on feedback gathered. A second round of pilot testing targeting 100 candidate 
respondents was conducted, yielding 19 responses, suggesting several minor adjustments to the layout 
and presentation. A third and final round of pilot testing was conducted, whereby 120 process 
modelling practitioners were contacted and 17 responses received. These 17 responses were analyzed 
similarly to those from the second pilot testing round, results evidencing the robustness of the survey 
design, as only minor semantic and aesthetic changes (to the web instrument) were required. 
Targeting a sample frame that is representative of the population of interest was a concern given the 
role of process modeller is assigned to a diversity of organisational designations. Literally any role in 
any department at any hierarchical level of the organisation may be a ‘process modeller’, conducting 
some level of process modelling to understand, analyze and improve processes. In order to gain a 
sufficient survey response, a combined judgmental and snowball sampling technique was applied, 
whereby a comprehensive list of process modellers was identified through personal contacts. The 
survey was also distributed as a web link, targeting membership forums of professional societies (e.g. 
Australian Computer Society, New Zealand Computer Society), and user communities of potential 
process modellers (for example from http://bpm-collaboration.com), and a web link was included in 
user group newsletters of leading process modelling tool vendors’ who showed interest in supporting 
the study [i.e. IDS Scheer (http://www.ids-scheer.com), Ultimus (http://www.ultimus.com)]. The main 
data collection phase was extended until sufficient responses were collected (6 months; ~300 was the 
target). Table 3 summarizes the origins of responses. The responses were collated, cleansed and 
codified. A total of 290 responses were collected and all records were analyzed for perceived frivolity 
and potential outliers, and none identified. After initial data cleaning (which mainly removed 
incomplete records), 261 remained in the database.  
 
Wave Mode Comments # % 
1 Paper Responses from paper based surveys, distributed to pre-identified 
modellers. Data was collected nationally within Australia. 
21 8% 
2 Web Responses from a process-modellers database derived by 
amalgamating each research-team member’s personal contacts and 
contacts within their research centre databases. Data was collected 
globally, via the web version of the instrument. 
154 59% 
3 Web Responses from advertising the study in related, specialized 
associations and forums. Data was collected globally via the web 
version of the instrument. 
86 33% 
  TOTAL 261 100% 
Table 3: Three main sources of survey responses 
4. ASSESSING THE PROCESS MODEL QUALITY CONSTRUCT  
This section describes results of testing the process Model Quality measurement model. The model is 
tested using partial least squares (PLS), a Structural Equation Modeling (SEM) approach, which has 
become increasingly popular in IS research (e.g. Gefen, Straub, & Boudreau, 2000; Urbach & 
Ahlemann, 2010), specifically for the testing of formative constructs. The SmartPLS 2.0 software tool 
by Ringle, Wende, & Will (2005) was used in this study.  
Content validity for formative constructs ensures that the items used to measure the construct capture 
the entire scope of the construct (e.g. Diamantopoulos & Winklhofer, 2001; Straub, Boudreau, & 
Gefen, 2004). As Petter et al. (2007) suggest, content validity is mandatory for evaluating formative 
measurement models, and should be ensured before the data is collected, as the model is specified 
(Götz, Liehr-Gobbers, & Krafft, 2010, p: 697).  Wrong specification of items in a formative construct 
could lead to forming an incorrect (or incomplete) construct. Content validity is primarily qualitative 
and judgemental. Detailed procedures in attention to content validity of the process Model Quality 
constructs were described earlier. Summarily, these were: (i) a methodical literature review (ii) careful 
elicitation and qualitative validation of the construct and potential items through case study analysis, 
(iii) academic workshops within the research group to corroborate the results of  i and ii, (iv) followed 
by expert feedback on the survey instrument (from both experts in process modelling, and experts on 
survey design), and (v) a three-phase pilot testing approach which applied a ‘thinking out loud’ 
protocol (in the first round) to further confirm how respondents perceived the constructs and items in 
the instrument.  
Assessing a formative measurement model on the indicators level confirms whether each indicator 
delivers a contribution to the construct by carrying the intended meaning (Henseler, Ringle, & 
Sinkovics, 2009, p: 301). Assessing the degree of multicollinearity among items forming the construct 
[by calculating the variance inflation factor (VIF)], checking the items weights (by means of 
bootstrapping) and their significance (via T-tests), are common means to validate a measurement 
model at the item level. Table 4 depicts summary results of these tests conducted to the process Model 
Quality construct. 
 
  VIF Weights Loadings Significance 
MQ1 Ease of Use 4.92 0.16 0.90 p <.05 
MQ2 Realization of user requirements 5.11 0.30 0.92 p <.001 
MQ3 Information accuracy 4.82 0.02 0.87 ns 
MQ4 Flexibility 2.26 -0.06 0.71 ns 
MQ5 Information Relevance (a) 3.79 0.17 0.85 p <.05 
MQ6 Information Relevance (b) 3.99 0.22 0.93 ns 
MQ7 Understandability 5.55 0.28 0.91 p <.001 
MQ8 Conciseness 4.54 0.16 0.90 p <.0001 
Table 4:  Weights, loadings and significant levels 
As depicted in Table 4, all VIF scores were less than the suggested threshold of 10 (David Gefen, 
Rigdon, & Straub, 2011; Gotz, Liehr-Gobbers, & Krafft, 2010), the highest being 5.55, suggesting 
multi-collinearity is not an issue with this data set. 
It has been recommended that the path coefficient (weights) between the indicator and its related 
construct be greater than 0.20 (Andreev, Heart, Maoz, & Pliskin, 2009), and that they be significant at, 
at least a .05 level. However, several indicators (bolded in Table 4) had small non-significant weights. 
This can be due to inter-item correlation or a large number of indictors on a given construct (Cenfetelli 
& Bassellier, 2009). Regardless, the removal of formative indicators is discouraged, as dropping an 
item from a formative construct can omit a unique  part of the conceptual domain of the construct and 
change its meaning (MacKenzie, Podsakoff, & Jarvis, 2005; Petter, et al., 2007). (Cenfetelli & 
Bassellier, 2009, p. 695) argue; “formative indicators essentially ‘compete’ with one another to be 
explanatory of their own targeted constructs. In this competition to explain variance, only a limited 
number of indicators will likely be significant while the others will be non-significant”. Thus, though 
some of the items were non-significant with small weights, we did not exclude them, as we believed 
that the rigorous approach used to carefully identify and define these constructs (as described above) 
and the procedures executed to verify content validity, argue for their retention. 
Once a formative measurement model is justified at the item level, it should also be tested at the 
construct level (Straub, et al., 2004), and this is done by assessing the nomological validity. Figure 1 
depicts the proposed conceptual model to be tested here for nomological validity. While not discussed 
in detail in this paper (as it was out of scope here) the survey had a number of other constructs that 
were operationalized and tested, which also went through the same process of construct derivation 
(supported by literature, case study and a structured survey design approach) as explained here for the 
process Model Quality Construct. We take the relationship between process Model Quality and 
Satisfaction to test the nomological validity of the process Model Quality construct. Satisfaction is 
defined here as ‘the extent to which the process models fulfils the objectives that underlay the 
modelling project’. It is hypothesised that: Higher levels of Process Model Quality is likely to yield 
more Satisfaction with the modelling efforts.  
Many studies have used ‘Satisfaction’ as a dependent variable (e.g. Gable, Sedera, & Chan, 2008; 
Khalifa & Liu, 2004) and some argue that Satisfaction is an overarching success measure (e.g. Gable, 
et al., 2008) for IS studies and its proxies. Satisfaction was operationalised here as a three- item 
reflective construct (see Table 5 for further details about the items and their origins). It scored a 
Cronbach’s alpha of 0.916, had an Average Variance Extracted (AVE) of 0.857 and a Composite 
Reliability of 0.947. 
 
 
Figure 2:  Summary results of the structural testing 
 
Figure 1:  Suggested Conceptual model for nomological validity assessment 
 
Table 5: The Operatioanlisation of the Satisfaction Construct 
 
Figure 2 illustrates the summary results of 
this analysis. The hypothesised path 
between process Model Quality and 
Satisfaction was significant, with an R2 of 
nearly 80%, and a beta value .894 
significant at p < .0001. Thus, further 
confirming the process Model Quality 
construct, through structural relations. 
 
5. CONCLUSION AND OUTLOOK 
Business process management (BPM) is growing as a dominant management paradigm. Business 
process ‘modelling’ is fundamental to BPM, and the business process ‘model’ is the central artefact in 
process improvement and Information Systems development efforts. Process Modelling is used across 
all the typical lifecycle phases of a BPM initiative. Yet, process modelling is expensive and 
consequential, and model quality not always assured. Studies that focus on measuring process model 
quality are rare. Many past studies, rather than evaluating the model have focused on the antecedents, 
or what is believed to be good modelling practice. The work on model quality have been thus far very 
focused only on one aspect – understandability, and is limited to an individual level of analysis, on 
how the individual user perceives the model, rather than measuring the quality of models in a more 
holistic manner. While this is an important level of analysis, we believe that Model Quality should 
also be evaluated at a more holistic, initiative/ project level, to make critical decisions such as; if to 
continue with the models in the future phases of the (BPM) project, and if to conduct modelling 
(again) in similar projects to come. To our best knowledge, there has not yet been a valid 
operationalisation of Model Quality at a more holistic level. The central focus of this paper has been to 
derive a valid, reliable and feasible operationalisation of business process Model Quality to address 
this gap. The study applied a three phased (literature, case study and survey) design to inductively 
derive a business process Model Quality measurement model. It is conceptualised as a single-order, 
formative index with 8 measures that was tested and validated through Structural Equation Modelling 
(SEM) using PLS. 
This Model Quality measurement model has value as the dependent variable in rigorously researching 
the drivers of model quality; as antecedent of ultimate process improvements; and potentially as an 
economical comparator and diagnostic for practice.  However, the findings have several limitations. 
The survey canvassed a single respondent group; process modellers. This limitation was ameliorated 
by the exploratory case studies which gained empirical insights from all involved stakeholder groups, 
including process model users, process owners, and project sponsors. While this focus on a single 
ID 
used Actual Question Related sub-constructs Origin 
SAT 1 The model users were satisfied with the 
information conveyed by the process models 
Information satisfaction Adapted from Palvia (1996) 
SAT 2 The model users were satisfied with the 
graphical design of the process models 
Satisfaction with model 
presentation Adapted from Palvia  
(1996)  
SAT 3 The model users enjoyed using the process 
models 
Enjoyment Adapted from Doll and 
Torkzadeh (1998) 
stakeholder group for the quantitative evidence provided rich insights, future research is recommended 
to complement the findings by the views of other stakeholders. Further testing and re-validation of the 
model hypotheses with new data is also recommended. The influence of Model Quality on the overall 
processes been modelled and the overall success of a modelling project is been investigated as an 
extension study that applies this Model Quality construct. The Model Quality construct will also be 
used as a dependent variable to empirically measure the impact of process model quality critical 
success factors. 
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